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SOME. PHASES. OF COAI-MINE. “ymrritation! 
‘By J. de: Forbes? ‘and. M: Te vAnkeny® | 
IMPORTANCE OF ‘VattrILATION 7 


| Ventilation is. the iat important aie enka 4 in. the ‘wetun laa of. al ee 
because on ‘it depends the::safety,; health; and efficiency of those.who work under-" © 
ground. Without.adequate and effitient means of. supplying : fresh air to the work- — 
ing faces, mining could not have advanced as it has. The extent of the workings, 
the increase in mechanization, ‘and: the ‘iiereaging ude sof: electricity are largely 
responsible eal changes dh of ene 


Veritilation. in the early — of. neal: aide 4 was ee ee anne of... 
a natural draft,’ created principally by a difference in the weights of columns of 
alr between the intaké and return openings. Later. the furnace was introduced for 
the purpose of increasing the quantity. of air in.déirculation. . Mines: continued to- 
become larger, their output increased, men were'enployed: in greater numbers, and 
more -fredh coal surfaces were exposed. Coal beds ivcar the surface, and. practical — 
ly free:from explosive gas became:exhausted, and:dceper. beds that liberated. meth~ 
ane were.opened as development’advanced. Mechanical ventilation. becanie ate veil 
and was first accomplished by disc-type steam-driven fans. The. old-fashioned”. 
steam-driven disc fan has gencrally been supplanted by. the- powerful ' slectrically : 
operated centrifugal fans in use at modern coal mines. In order to be secure 
against gas cxplosions and provisé ample fresh air for’persons employed in large 
coal mines, air must be conducted through the mine to all working places and to 
all other ‘unsealed parts of the ming in sufficient Caled ales ho aki and 
render oe all en and noxious anne | a ues 


lL The ‘Bureau of Mines will Seren Poona, of this PTS EF ere that oc... 
the following footnote acknowledgement be used:. "Printed by permission of: : 
_the Director, U. S. Bureau of.Mines. (Not subject to-copyrignht.)"-  . - 

2 Supervising ergincer, ——— nection, sataty | division, U. 7 Bureau. of - 
Mines. . | | 
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DANGERS OF INADEQUATE VENTILATION 


Lick of ‘adequate and officicnt ventilation is the primary cause of gas 
‘ignitions in coal mines. .,.Gns cxplosions occur only when there is an accumlation 
of gas mixed in suitable ‘proportion with nir. Explosive gas does not accumulate 
in properly ventilated’ mines. The secondary causes of gas ignitions are: (1) 
Improper installation, maintenance; or use of electrical equipment; (2) Use of 
open lights; (") Use of nonpermissible explosive or’ tne improper use of permis- 
sible explosires: (4) misuse of safety lamps; (5).matches and smoking; (6) mine 
_ fires. Until recently, open lights ranked second as a cause of explosions. 


- tt is a- mattces of record* that from July 1, 1927, to June 30,-1928, there 
were “29 ignitions of explosive gas,- costing. the lives of 341 -men:in coal mines 
of pha eagtaiate States. of — ouplopiand: 2 14m were. of électrical origin, . 10 were 


ee, 


RESPONSIBILITY JOR PROPER VENTILATION. 


In order to have proper een ere anid. ‘promote health and safety, most 
saeeaiatee States have provided laws which require the operator to employ a 
competent and practical overseer; ‘usually: called the mine foreman or mine manager, 
for every mine. He is required by law to have a. license or certificate, and such 
certificate is supposed to be’ sufficient, evidence of his ‘competency. . The foreman 
is charged with the duty of keoping a, careful watch over the ventilating appa- 
_Yratus, airways, entries, and ‘all- other parts of the mine ‘to ‘see that. the ‘provi- 
Sions of the law are complied with. As. the foreman is‘ held legally responsible 
for the ventilation of the miné:and as the maintenance. of ventilation is the most 
_ important. part of his job, he should be.. thoroughly conversant with the good and 

bad practices pertinent to coal-mine ventilation. a ag : 


caiabeeekal OF QUTBURSTS OF cas. 
: Coal mines are usually classed as gassy and nongassy or as open-light 
mines and closed-light mines by State ins pection. departments or State laws. Some 
States. permit individual: mines. to’ ve divided. into open=Light sections and closed- 
light sections. As a ‘rule a different. set of laws’ from those applied. to gassy 
mines is provided for so-called nongassy mines or nongassy sections of mines. 
Men who are not considered competent to serve as foremen in gassy mines are legal- 
ly permitted to serve as foremen.in so-called nongassy mines. More or less ex- 
plosive gas is gencrated in all coal mines; in mines where gas has never been 
detected with a flame safety lamp it is not uncommon suddenly to encounter methane 
in the advance workings, sometimes when it is too late to make provision for tak- 
ing care of.it. Frequently there is a group of mines operating adjacent to each 
other in the same coal bed with the same thickness of overburden, yet one is 
classed as gassy and the other as nongassy. At the mines which are classed as 
nongassy or which are operating with open lights few if any precautions are taken 


4 Harringtor, D., Mine Explosions in the United States During the Fiscal Year 
Ending June. 30, 1928; Information Circular 6085, Bureau of Mines, 1928, 


4. pp. 
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6) safeguard against a gas ignition in tne a that: ie dante ee ere is 
pened up or an accumulation of gas on top of a caved area is swept into the ibcisali 
ng places by a fall or by derangement of the aad current. 3 


‘The fact taat cxplosions often occur in mivies that are not recognized ii * 
dmitted to ‘be gassy is borne’ out dy records. The so-called nongassy mine which . 
ives ‘off small quantities: of methane - is more déinzerous than the definitely gassy 
ine wero precautions are usually: taken against poeExUhe: « accumulations or ig-. 
itions of gas. . , : 


RECOMMENDATIONS OF THE BUREAU OF MINES 
Tne Mine Safety ‘Board: of the-United: Statés:.. Bureau: of Mines has made the 


ollowing decision (No. 1) a to miners! amps | in abevae mines : 


| Wa) ‘In all. coal imines the portable lamps rrr “{livnination bo 
permissible, portable, electric maine Lamps ; and: also a 


"(b). In places where. ‘fire ‘damp, or black” deity 3 is- Lidble +6 wet 
encountered, a permissible magtietically-locked flame safoty Laitsip -: 
for gas detection, or. equivalent permissible device; “be ° nb eae oe 

to at least one expericnced employee in sara such place; “arid © 

"(c) Any employee bvofore being supplicd with! ny "permissible flame - 
safety lamp be examined by a competent official of the or to aa 
assure the man's ability to detect gas; and") | : 


"(a) All coal mines whether classed as nongassy or gassy in any 
part, be supplied with magnetically-locked, permissible, flame 
safcty lamps, properly maintained and in sufficient anes eon 
all inspection purposes." 


All coal mines in which inflammable gas in excess of 0.05: per cént’ canbe. 
found by systematic search should be classed as gassy mines; however, in order to. 
be practically secure against gas explosions, all coal mines should be managed, 
quipped, and ventilated according to. the best sate Pee reeen hai aciiceaaaiahe for 
zassy mines. | 


TYPES AND ARRANG ANT = FANS 
In order. to ‘circulate air through ‘the mine, a difference in preuimixe mast: - 
be created between the intake dnd the teturn airways.- In motern coal mines, this: — 
sffect is produced by a fan preferably of the centrifugal type, which develops - 
2 much higher. efficiency than the old and almost obsolete disc-—type fan. Some 
fans are arranged to. force. air ‘through | the mine, others to exhaust it. from the 


nine ; during recent years, however, installations of the latter type ‘have: been =...” 
nore common. ~In the ‘best, practice the intake air sarasota aye or. iano through .. 


5 Mine Safety Sata Recomicndations 3. the Bureau of Minos on. Certain Questions 
of Mine Safétyi Information Circular 6091, 1928, 12-pp.°: : | 
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the hoist shaft or slope and main haulagcroads, and should return or upcast through 
the air shaft. Fans should be constructed to permit quick reversal of the venti-~ 
lating currents to meet emergencies due to fires or oxplosions, “and the fan casings 
should have explosion-relicf doors. Fans should be offset from the air shaft or 
air drift at lenst 25 feet from the projection of the nearest side so that they 
will not be dameged by an explosion. Fireproof construction of fans and casings 
should be required. When new fans are installed they should be of. such size and: 
efficiency as to produce the necessary volume of air .agiinst the natural. resist- 
ance of the mine; much forethought should be given -to the higher resistances like~ 
ly to develop in the future life of the mine as the lenzth of the airways increases 
and the volume requirements, the amount of exposed surface, and the number of men 
and animals increase®. : 7 : : | 


Maintenance of SPAT: Sper ton of Fans 


Fans should be equipped with some oe warning jvlnw to attract ‘the | 
attention of the attendant if it has stopped from power failure or.otner'cause. 
One method of doing this is to place a.make-and-break contact device-on.the shaft 
of the fan to open and close an independent electric circuit with each revolution. 
In this circuit aré red incandescent lamps at points where the attendant or out 
side foreman may observe them at all times. When the fan is running the Lamps 
continue to blink, but when the fan stops, the lights discontinue. "blinking" 
remaining either "on" or "off." Another device which is in use at some mines is 
an electric bell controlled by a water gauge and float; when the fan stops, the 
gauge float drops, permitting it to make an electric contact. which closes an 
electric circuit and rings a bell; the bell continues to ring until the fan is 
restarted or receives attention. There are many other good methods of calling 
attention to fan stoppage. 


Fans should be equipped with a continuous recording device which snows the 
water gauge of the mine. There should also be a similar device to record the 
speed of the fan. Foremen and others whose duty it is.to help maintain the venti- 
lation of tne mine should always observe the water-gauge reading at the fan be- 
fore making an inspection of the mine. When the recording water gauge shows any 
material change the mine officials should. take extra ictal to ascertain the 
reason for the alteration. | a, 


Fans should be kept in continuous operation while there are men in the | 
mine, and they should have an auxiliary drive, such as a steam engine or gasoline 
engine. If the fans are electrically driven,.'a separate source of power should 
be provided where the mine is known to give off explosive gas. When a fan stops 
and can not be immediately started, when it is. necessary to stop the fan for any 
reason, or when any major changes are being. made in the ventilating system, the 
men should be immediately rémoved from tne mine. | oe 


If a fan is stopped purposely or by accident, all electric power under- | 
ground should be immediately cut off unless the result of so doing would prevent, 


6 The question of changing fans at certain periods during the deve lopment of a 
mine was discussed by W. A. Weldin and others of the Engineers' Society of- 
Western Pennsylvania, See volume ‘39.of the Proceedings, 1925, pp.113-114. 
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r seriously handicap escape of the men in the mine. An automatic device for 
pening main switches on ecloctric circuits leading underground can be easily con- 
structed in any mine machine shop as follows: Weld a piece of circular sheet 
etal with a onc-cighth-inch holc in. the center over one of the 6-inch openings 
of a 4 by 6 by 6 inch iron pipe to the 4-inch end of the T into a hole made in 
the air duct leading to tke- fan, and:carerully coment the 4-inch end in place with 
the open 6-inch end of the T pointed cownward. A circular 63-inch shoct-metal 
plate with a rubber gasket covering one side qf it sould be provided to fit over 
the open cnd of the T. This plate shoula be of such a weight that the negative 
pressure on the plate, created by the ruuning of tho fin, would bé just: suffi- 
cient to hold it in place over the mouth of the 6-inch hole of the T. Attach a 
piece of flexible wire’ to the center of this plate on the inside and pass it 
through the one-cighth-inch hole in the plate, welded on the top end of the T, to 
the lever of a lovwevoltage switch mounted directly above the T. ‘When the fan 
stops, the negative air nressure on the bottom plate will be relieved; the plate 
will. fall and in so doing pull the flexible wire which operates the — 
switch controlling a relay svitch in the main power circuit. 


| = Booster and Auxiliary Fans ‘ 

. The booster and auxiliary (adie aed toe. a number of yvoars ‘extensively and 
appropriately in mctal mines have been installed in some coal mines. - Most of | 
these subsurface installations in coal mines are open to severe criticism because 
coal mining | is attended by dangers from which metal mining, with rare exceptions, 


re free. The Mine saat Board of the Bureau of Mines recommends in decision No. 
that) a a ere | >. 2 


ae Ciutitary a or blowers ‘ghoulé not. be used in coal wien as a 
| _ substitute for methods of regular : and continuous coursing of the 
air to every face of the. mine," : ar | 


- quantity of Air for Ventilation 


To emitonk the air into and outby from thc active working sections of the 
mine there should be at:lceast three but preferably four, five, six, or more main 
parallel entries or slopes, The nunber o- main entries required is determined 
largely by the proposed ultimate size of. the mine, size of individual air courses, 
and quantity of air whick is likely to be needed to ventilate the mine. In smooth- 
lined shafts and air courses the velocity in general should: not cxcced 1,800 feet 
per minute; in ordinary rough-ribbed airways it generally should not exceed 900 
feet per minute; in main haovlageways and manways the velocity snould not excced 
600 fect per minutes: ‘On the other hand, the velocity of the air current of any 
one split should not ordinarily bo less than 200 fect yor mimute, and where strata 
tomperatures are high, the velocity requircd may be much greator than 200 feet per 
minute; the volume of a regular split should not — less than 10,000 cubic feet 
per mimate in order. to dilute and swoop avay gases and custs and provide the men 
with air that is within the limits of purity for “health. 


7. See refcrence 5, Page 3 
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Decision No. 7 of the Mine Safety Board of the Bureau of idines says: 
"In the interest of safety, the ‘Bureau of Mines recommends 3. : |e 


"1, Tnat the main intake and min return air currents in mines 
be in separated shafts, slopes: or eae es 


"2. That the main intake shaft eer be of fireproof’ con- 
struction, and that there be a minimum amount of inflammable 
material in or adjacent to the shaft. " | 


STOPPINGS 


Stoppings in breakthroughs between the main intake and return entries or . 
shafts should be substantially built of fireproof material, and they should be 
"nitched" into ribs and floor composed of soft material. They snould be carefully 
plastered and the ribs, floor, and-top in the. immediate vicinity of the stopping 
should also be plastered to prevent leakage. Main entry stoppings should be. built 
of brick, cement block, tile, concrete, ‘or ‘sinilar material which will make them 
tight, cannes and incombustible. i | | 


Stoppings in ee on putt or éeveloping entries should be sub. | 
stantially built of fireproof matcrial, preferably brick, cement block, tile,or .. 
concrete, Gob stoppings well plastered on one side or brick stoppings laid without 
mortar but carefully plastered can be made effective. The advantage of using brick 
stoppings for this purpose is that the brick can be reclaimed on the. retreat and 
used again. Under no circumstances should unplastercd axede) stoppings. or board: stop-— 
pings be used permanently in developing entries. 


Overcasts should be substantial, fireproof, and leakproof. The theory that 
flimsy overcasts may help to check aa explosion, by blowing out and relieving the 
pressure should be given no consideration. Tho roof above and leading to and from | 
the overcast should be so excavated as to leave an easy curve or incline overhead 
to create the least possible resistance to.the flow of air, and the floor leading. 
to and away trom the floor of the overcast also Should be a smooth incline. 


Main ventilating doors should. de carefully installed with the Cia, oretens 
ably of concrete, hitched well into the ribs. The doors should be of steel; if 
made of timber they should be of two thicknesses. of matched boards, one thickness | 
glaced diagonally with. fire-rosistant. canvas ‘between. | The doors should be so hung . 
as. to be self-closing by a suitable system of weights and pulleys or other equally: : 
effective means; if they are arranged for mechanical. opening and closing, the. ar-- 
rangement should be positive 4s to kecping the door closed at ordinary times. All 
principal doors should be so placed that wnen one door is open, another which has _ 
the.same effect upon the ventilating current shall be closed and remain closed to 
prevent any short-circuiting of the air current. No hook or similar device should 
be placed on any door to hold it open during temporary passage of cars nor should 


8 Sec reference 5, Page 3 
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she propning open of doors ‘be allowed. ‘the mine should: - gineand and developed to 
sliminate doors or at Least: reduce the number of doors fo a minimum, ee 


AIR FLOW IN SPLITS 


In order to get a sufficient: flow of air in the longest splits in a mine, 
Lt is usually neceesary to create an artificial resista:ce in one or more of the 
shorter splits. ‘This result is accomplished by ‘placing a regulator in the returns 
of the short splits, prov vided that ‘such a position will not interfere with the. 
operations. in that split. A good type of regulator is a: brick or ‘concrete. stopping 
with a rectangular hole that allows ‘plenty of space for the'passage of a man and» 


has a horizontal slide to ‘pormit close regulation of the air ‘current — ta hroveh, 


| 
| In decision Wo. 9 the Mino ‘Safety Board of ‘th hg idee? of. Mines vocémionds 


in coal-mine ventilation the ‘following specifications” as ba unit quantity and. aes 
quality of air: | | fe. 2 


"), The quantity in cubic fect of pure oe air : eatep per 
minute in any ventilating split shall De at. least: squal to. 100° 
times tne number of men in — split. - vite 3 


"2, The quantity of air Poe Sixes Wea pnied: ee shall be 
at ‘tena 200 cubic feet per minute and as much more as may be 
necessary to properly dilute agonal s S aed inflammable or harm 
ful gases which may %e present. ee 2 


"3, The air shall be made to circulate continuously to the face 
in every unsealed place into which an en amount of methane e 
enters. | | Cae 


"4, Tho air in any unscaled place shall ‘be considered ‘unfit for 
men if it shall bo found to contain less than 19° per: cent oxygen 
(dry basis), more than 1 per‘cent carbon dioxidé, or a harmful 
amount of poisonous gas. 


"5. If the air in any unscaled place, when saousiat or tested 
in any part of that place not nearer than'4 fect ‘from the face 
and 10 inches: from the roof, shall be: found to contain: : 


Wa) more than 1b per souk of infiamnblo gas, 


the place shall be considered to be in hazardous 
| condition and require. Supp ored: THEN Las ecey: and 


#() if more than 23 per cent of inflanmable 

gas is. found, the place shall be considered © | : 
dangerous’ and only men who have been officially. designated - 
to improve the ventilation. ani are properly _ . 

protected shall remain-in or onter said place..’ 


9 See reference 5, Page 3 
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“6. If the air in the split which ventilates any group of ~orkings 
contains more than lz per cent of inflammable . gas, these workings 
.... Shall be considered to be in a dangerous’ condition’ and only men 
who nave been officially designated to improve the ventilation and 
are properly protected, shall remain in.or enter said workings." 


ACTUAL QUANTITY OF AIR TRAVERSING WORSINGS 


Too much attention can nos | be given to the p: “oer maintenance of doors, 
overcasts, regulators, and stoppings, for cre air losses. chiefly occur, A large 
quantity of air going iato-.or gut of a mine does not indicate that the minc is 
well ventilated. The foreman who is intercstcod in the efficacy of his ventilating. 
system should koep a carcful check.of the total quantity of air measured in the 
intake and return of cach split against the total quantity of air at the last open 
crosscut in the snlit to determine the approximate. percentage of air lost; he . 
should also. check ‘the sum total of the air of the various splits. aginst the total. 
of the intake and the return of the citire mine to ascertain what part of. the. air.. 
entering or leaving the mine is put to actual usc. 


Orly a few States specify whcre tie measurement of the air currents shall 
be made. Generally, they permit the volumc of air entering the mine to.be measured 
at the foot of the shaft or in the entrance of a slope or drift. A good standard 
practice is to measure the total intake, the intake and return of each split, the 
air in last crosscut of cach entry ina split, and tne full return from the mine. 


Tests have shown that in 16 Illinois coz aa mines an average ‘Of only 1B, 6 
per cent of the entering air reached the last crosscuts nearest the faces because 
of leakage at doors, -stoppings, overcasts, and tnrough crevices in pillars and 

roof Good practice requires that at. ‘least. 50 per cent of the air entering a 
mine shall reach the faces; it is possible to get as high as 80 to 85 per cent 

with good natural conditions and pronerly built doors, stoppings, and overcasts. 

It costs money to circulate air through a mine whether this air effectively reaches 
the working faces or not, and properly constructed stoppings, | doors, and overcasts 
soon pay for themselves in the saving of power. , 3 7 


VENTILATING ROOMS AND ENTRIES 


In order properly. to ventilate aéveloping. rooms and pillar lines. it is nec- 
essary to deflect the current of air into the rooms. to be ventilated by means of 
light wooden or wooden and canvas curtains. Extreme care should be taken in the 
construction of deflectors of this.type to prevent. thom from coming in contact 
with electric wires of any kind and crcating a fire hazard. When gas is being 
given off or likely to be Ziven off at tho face, it may be necessary to erect 
canvas checks or doors in‘the entry at fairly frequent intervals; as an altorna- 
tive the check canvas curtains or.doors may be placed in the entry between a few 
of the rooms so as to thus deflect air into the rooms which can be held there by 
canvas curtains or light doors placed in the room necks, In’ addition, temporary 


10 Williams, R. Y., Mine Ventilation Stoppings, with Especial Reference to hilnes 
in Illinois: Bull. 99, Bureau of Mines, 1915, 30 pp. 
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stoppings should be placed in all crosscuts between tho first | and second rooms and 
n the last ond aext to‘last rooms, excepting the crosscuts nenrest the fe ces in 
hese rooms; and in definitely gassy mines all ae oe ten but the one nearest 
he face should be stopped off. | a 2 a - 

Frequently, it is necessary to, conduct the air from the’ last crosscut in 
ooms and entries to the face by means cf © line brattice erceted from the outby 
orner of the crosscut to a point 5 or 6 foot. distant from the face. ‘Room stoppings 
hay be constructed of canvas securely nailed to posts or board frames supported by 
bosts or by boards supported by posts. Line brattices should be constructed of a 
leavy canvas which preferably has bcen treated by a fireproofing miterial, Wherever 
practicable the brattice should be placed in a room or entry so that on the intake 
side of the canvas the area is smaller than the outlet side, thus providing a high- 
ir velocity of air to sweep the face free of generating gas. Where smooth roof and 
loor conditions.exist, a line -brattice may he stretched on posts, or preferably 
wiled to a substantial frame, but where very roug? ' and. irregular roof conditions 
prevail, holes should be boréd in the roof at the nigh points, plugs inserted, and 
he canvas nailed to the plugs. It is important that: temporary entry and room 
stoppings and line brattices bo substantially built and wade as air-tight as pos~ 
sible. Failure of these devices, due to accident,. may quickly create a very serious 
Fp OELOD, HARRES, at the face. 


The use of cmall portable fans or blower fans in connection with canvas 
ubing or pipes for the purpose of. ‘ventilating headings, rooms, or narrow workings 
hat are without crosscuts is not recommended. Where absolutely necessary to use 
hese dangerous expedionts, as in tunneling work, their installation as well as 
yheir operation should be very carefully $2 feguardod. if sas exolosions and fires 
re to be avoided. | | | : 


VENTI LATING WORKZD-OUT AREELS 
several - 

None of the /general mebinak of trying to. rintiint ec worked-out areas can be 
onsidered even reSsonably effoctive.: One method is to cause the air to sweep along 
he edge of the breakline, so as to put a pressure on the caved area cnd dilute and 
arry away gas thnit may come off the cavod area, Althcugh this method generally 
provides fresh air for men working the pillars or stumps and ordinarily keeps the 
jorking places free.from gas, the danger of a ges explosion is ever-present. In 
he event of an interruption of the ventilnting current -- cue to failure of the 
an to operate, to a door loft open, or to blocking the «ir current oy a fall in 
he airway -— pressure on the caved area is relieved, tus permitting the explosive 
mas to come from the falls into thé working places. A larze fall back in the caved 
area may also force the gas out. into the working vianed, 


A mothod of ventilating cavad arcas, in use at rnnny mincs, is to pess some 
hir over the caved regions inty the return airweys of adjacent sets of entries. In 
heveloping rooms occasional rooms ar: driven through the barrier piller into the 
return of the adjacent sct of cntries and a regulator is placed in the room near 
the point where it connects with this return. When the retrent work has passed one 
of these rooms which has been holed througa, the regulntor can be opened to permit 
some air to flow through. With this method of ventilation, a current of air is 
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continually passing over the caved arca and possibly carrving azyay explosive gas 
as it is being given off; however, this method can be used only in those mines in 
which the enginecring "layout" is favorable ty its use: vnen sufficient. air is sup- 
plied to the producing workings to permit losing. p small proportion over. the Ox- : 
tracted areas. Air samples should be taken nt these bleeders from timc to, tine to... 
determine the amount of air req..ired t> be passed through: the regulators. to. : keep. . 
percentage of explosive gas within safo limits. 


11 Decision No. 6 of the Mine Saf ade Board of the Bureau of iiines. recommends,” 
cas - | | aie aati — ae 
eotr entries, rooms, panels, or sections that can ae be kept, ‘welt: | oe 
ventilated throughout or can not be- ‘inspected regularly and thorough- 
ly, or that are not being used for coursing the air, travel,. hamlAges 


or the. extraction of coal, be sealed. by strong fireproof stoppings 


When the difficulty of efficiently ventilating live advancing workings’ is “ 
considered, it seems beyond the realms of possibility to keep inaccessible caved — 
abandoned regions even reasonably freé of --cumilations of methane; hence the .:.. | 
safest procedure with worked areas is undoubtedly ‘to seal them "by strong fireproof. 
stoppings" as recommended by Burcan of Mines Safety ponent Decision :No. ts: ore: 

. above. , | 


REMOV/L OF ay Senne 


Bvery 1 mine should be kept free of standing gas in all apie ial those 
sections which are effectively sealed. Any accumulation of standing gas should be 
removed as soon as possible after its discovery; until tne gas has been removed 
no one should be allowed in the gassy portion of the mine.except the men engaged 
in the removal of the gas under the direct supervision of the foreman. Before 
attempting to remove gas, all power circuits should be cut off in the portion of 
the mine affected and an ample quantity of air provided to keep, the mixture, as it 
passes into the return, below the explosion point. | 


DEFINITIONS FOR VEXTILATION PRACTICE 


Decision No. 8 of the Mine Safety Board of the Bureau of Mines. ‘sedommenie™ 
that in coal-mine FORTEAESOe the following definitions be used: | 


lS The bois Wicalatas aii nal the term "return nirk without 
qualifying adjectives shall be used only to dofine mechanical 
movement of the air respcctively in an inward and outward 
direction with reference to the mine as @ whole or to any one 
group of workings. : 


“ll See reference 5, Page 3 
le See reference 5, Page 3 
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"2. When health and safety are concerned, the term "pure intake 
air" shall mean: 


"(a) Air which has not passed through or ty any 
active TEEN and (or) 


"(b) : Air which has. not pass ed thse or by any 
inactive Workings, anaes these are effectively 
sealed, and_ 


"(e) Air which is free from poisonous gas and - 
+ by: analysis contains: not less than 20 per cent 
+ oxygen (dry--basis): and not over 0. O5 per cent. . 
: - Int lepmable Eas. ee a ee 


| i ee ‘that. the . improper Aenean walk coh of wenkstont equipment 
in .other. than. pure intake air have become the most prolific-source of ignition of 
gas and dust. in initiating mine explosions. Of: the 31 explos"9ge investigated by | 
the Bureau of.Mines. during. the fiscal. year ended. June 30, 1928°*.14 ignitions were: 
caused by electricity and 282 men.were killed in the. res sultant. explosions. In pene 
to use electricity with relative - -gafety: in other. than. pure intake air it is abso- 
lutely necessary to carry out certain. sea aaa aed ne. them the following: | - 


hee The installation of dotted wires. ind nae of trolley Locomotives | 
should be permitted in pure intake air only. 


& Feed lines. for mining machines should be ek te good insulation 
and . supported on insulated hangers on the pupostte side of. the entry from the side 
on which men are permitted to a | | i : : 4 


8, The "nipping" or tramming. of mining o_o na sliding the nips along . 
bare.wires in other than pure intake air should not. be permitted. Permissible 
junction boxes should be provided for the purpose. of. connecting mAchines and drill . 
cables to the power feeder circuits. When junction boxes are provided at proper 
intervals along fecd lines, tramming the mining machines from place to place by 
sliding a trolley nip along bare wires is unnecessary. — 


. 4 Animal. haulage or permissible storage-battery locomotives only should 
be used + om itis coal in other than pure intake air. 


De All icctted _— ee in other than pure Kbit air fresh from. 
the outside should be of the permissible type approved for safety by the U. S. 
Bureau of Mines. Such equipment should be inspected regularly and maintained ina 
permissible condition at all times. 


15 See. reference 4, Page 2 
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INSPECTION FOR GAS 


In order that. the foreman may know that nis mine is being miintained ina 
safe and healthy condition he sould give much thought to the matter of inspections. 
He should build up his organization by carefully selecting competent mon to act as 
section foremen and firehosses, In addition to the legal requirements for section 
foremen and firebosses, these mon snould bo cxpable and energetic mén.who have had 
considera tle practical experience in gassy mines. They should be physically fit, 
particularly with respect to good eycsight, and should be: proficient in the know 
ledge of limitations, usé, and care of. tho flame safety aap : 7 


The fireboss, section foreman, and mine foreman should arrange the time of 
their daily visits to the:working: places while the meniare ‘in the mine“so that the 
lapse of time between visits’of mine officials is.:about:evenly divided, Good min» 
ing practice demands that working :places :beé“inspected.at frequent. intervals and 
@ proper record should be made of such inspections. A good rule for mine officials 
to adopt is to visit each working placs at two-hour intervals, and more often if 
necessary. At some operations it is the “practice. to require: the. fireboss to per-= 
form other duties than those concérning safety, for waich he is intended; in anly: - 
too many mines the fireboss mat Build. doors, measure 'deadwork or yardage, report ie 
condition of coal content of places, aid in timbcring or in dlasting coal,..and so - 
forth: The fireboss ‘should not be required to- perform’ duties other than-looking - 
after the sefety of the men in his séction of ‘the mince. He should be required to. 
leave a date mark and his initial at«the face of every'place examined and he: should 
sign his report book at the end of cach exemination ae Leaked Becuson and not at the 
end of the shift only. | : 

There is too much laxity in the supery rision of the night shift and during 
the periods when shifts are being changed. ‘“Phis:-is proved’ by the fact that many 
of the coal mines explosions of the’ recent ‘past have’ occurred during these periods. 
From January 9 to June 20, 1928, there were six explosions which occurred during 
the night shift, during the period while the shift vas being cnanged, or shortly 
before or after change of shirts. Thé time” of: ignition wns-as follows: 9:30 p.m., 
7:45 a.m, 6:30 p. Mey 7: 45 P Tey J 250 Bey and: 4 we Bette These six disasters 
icilled 257 men. oe | | : 


| MEASURING ATR voRUnes. im DEPEOTING: GAS a 7 


The mine ve: should eee now a measure air and sHound e conversant 
with the instruments for the detection of .gas in: order. to perform properly the , 
inspections necessary to determine whether' the mine: is being maintained in a safe : |. 
condition. 


The Anemometer" 


Many foremen when measuring air with the naeiieiidiei suspend i ae arms 
length in the center of an entry and hold it in this stationary position until 
the measurement is completed. This method may be useful in making comparative -: 
measurements, but it is very likely to give incorrect information as to the quanti~ 
ty of air that is actually flowing cast the point where the measurement is being 
taken. A good quick method which is accurate to ahout 10 or 20 per cent is to 


o 
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traverse the area of the airway being measured. Select a place in the airvay which 
is free from eddy currents and reasonably straignt for a distance of about 100 fect 
both ways from the point at which the measurement is being taxon. tart at the 
ipper left-hand corner.of - -the cntry and mcve the anomometer down wiane the rib to 
the lower left-hand corner; nove it slowly, steadily, and continuously from that 
ooint toward the right-hand rib for about one-fourth the ridth of the entry and 
then up toward the.roof;. then to the center and down to the floor; from this point 
sver to about one-fourth the distance fro:. the right-hand rib, and then up to the 
top, over to the right-hand rib, and down along the right rib to the floor. This 
osrocedure will give a good average reading of the velocity. The anenometer snould 
be permitted to run at least one minute; longer time tnan this would tend to make 
the reading considerably more accurate. The correction factor of the anemometer 
should always be applied. 


The Psychrometer 


The use of the psychrometer is valuable in determining the amount of 
noisture being taken into and carried out of the mine by the ventilating current. 
[t can be used to determine the percentage of saturation of the mine atmosphere 
at any point in the mine and also the temperature of the air in which men are work- 
ing. Every foreman should be familiar with this instrument and with the meaning 
of the data obtainable by it. . 


~The Flame Safety Lemp 


| The flame safety lamp is a comparatively simple device for aie: detect~ 
ing the presence of explosive gas or a deficiency of oxygen in a mine atmosphere. 
[t..is the foreman's closest companion because many foremen carry it wherever they 
30 while in the mine. It may be used to advantage also by section foremen, fire- 
bosses, shot firers, mackine-renners, and all otners wnose duty it is to inspect 
or examine for explosive gas. A.permissible lamp approved by the U. S. Bureau of 
Mines, properly assembled and tested out in the nands of a competent person who 
thoroughly understands the use of the lamp, is absolutely safe. During the last 
20 years several hundred men nave lost their lives because a. tew men have used 
flame safety lamps in ways that made the lamps dangerous. The bureau docs not: know 
» any eee caused by a sa aici assemblcd;, permissible flame safety lamp. 


In 1917. an ‘explosion in a coal mine in Colorado caused the death of 121 men, 
The firebosses of this minc were accustomed + to report a mine free of gas if not 
more than a five-cighths-inch gas cap’ shoved in their lamps. This practice in ite 
self was dangerous because a five-eighths-inch cap meant that the atmosphere con 
tained approximately 5 per cent of gas and that a slight change or derangement in 
ventilation might increase the gas to 5. 5. per cent, making it explosive. The 
safety inspector, a trusted man, carricd a key~locked lamp, the only one used in the 
mine. The lamp was found taken apart near his body ond 22 matches were found in 
his clothing, Undoubtedly his lamp flame "zent out;" then he took the lamp apart 
and tried to re-light it with a match. Instead he ignited the gas and thus caused 
a terrific explosion which killed covery man and completely wrecxed the mine. 


_ It frequently happens that the foreman has « key-locked lamp, while the 
other underofficials are required to carry a. permissible lamp. A mine foreman 
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should by all means have the right kind of ‘lamp. Ee should ..not ‘permit in the mine 
any flame safety lamps that are not magnetically. locked. ‘The Bureau of Mines 

does not approve any tlame. safety lamp unless it is eee aren internal igniter | 
and magnetic lock. : 


The flame eitaie lamp has its uses and serves de purposes well, but it 
also has its limitations. The lowest pe reentaze of gas which it will detect de- 
pends uvon the observer. Some persons claim that they. can detect as little gas 
as 1 ver cent; others claim that 14 per cent is the least, that can be detected. 
It is not unusual to see a.fireboss or foreman come out of the mine to sign his 
report book, go to his locker-or cupbcaré and get his spectacles, and then pro- 
ceed to sign the book. It is impracticable for a man who can not see well encugh 
to sign the report book without glasses to detect small quantities of gas without 
them, and practically no consideration is given to the fact that a man may be 
color~tlind and unable to see the nonluminous flame of a gas cap. These facts are 
pointed out to show that there is a definite need. for something to supplement the 
use of the flame safety lamp if not tc supplant it. | _ 


HOW METHANE AC CUMULATES 


Any Sensctontiousmine panied should know that ae Sole is as little as 
14 or 2 per cent of gas in any split in the mine he should recognize this as a 
dangerous condition and take steps to remedy it immediately by supplying morc air 
to the split. It should interest him just as much to know that he had 1 per cent, 
0.5 per cent, or 0.2 per cent. For example: O.5 per cent of gas in a split 
through which 40,000 cubic feet of air per minute passes yould mean that there 
would be <00 cubic feet of methane emitted in the split per minute; if- the venti- — 
lation were disrapted for one hour there vould be an accumulation of 12,000 cubic 
feet of methane which, if mixed with air in explosive proportions, maitia create 
240,000 cubic feet of fire damp.——- enough to fill a 6 by 10 foot entry 4,000 féet 
long, or eight 200-foot rooms 30 feet wide by 5 feet high, full of explosive gas. ~ 
It is obvious that some means of detecting the presence of. methane in quantities | 
lower than can be detected by a flame safety Lamp would aid ene nares 
coal mines safer from explosions. 


In addition to the common practice of foremen and fickcboeane! examination 
with safety lamps, some system of daily or at least weekly: sampling and analysis 
of return air currents should be in effect. Comparison of these analyses gives 
a daily or weekly check on the freedom from gas. of those portions cf the mine 
ventilated. For safety, the proportion of methane in return airways. should be 
kept lees than 0.5 per cent. Eowever, tie quantity of air necessary to keep the 
percentage of methane to 0.5 per cent in splits should not exceed 20, OOO cubic 
feet of air per minute. When more than this quantity vould be required to keep — 
the methane content below 0.5 per cent, the work on that split should be slowed. 
down or some other method devised to aid in removal of the methane: © 


DETERMINING TER METHANE IE RETURNS 


The aniount of methane in the return airways of splits may be determined 
by collecting air samples and analyzing them’on the outside of the mine, or by 
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aking determinations with the Burrell methane indicator inside the mine at the 
»0int where it is desired to know the methane content. This methane indicator is 
sorrect to 0.2 per cent and requires 5 to & minutes to make a determination. After 
little practice it can be operated by anyone with crdinary intelligence. An 
lettrical methane indicating device recently epproved by the Bureau of lines 
itilizes the effect due to burning gas on the surface of a filament which causes . 

2 change in resistance on a Wheatstone bridge, and an increase of temperature due 
to the combustion of the gas on the surface of the heated wire. This wire is con— . 
nected with a set of fixed and variable resistancesin an clectrical circuit. Any 
change in the resistance of the wire causes a current to flow through a meter in 
the Wheatstone bridge circuit and the resultant movement over a scale graduated in 
per cent methane gives a direct indication of the amount of this gas prescnt in the — 
atmosphere to an accuracy of 0.2 per cent. Tests can be made with this device al- 
most as quickly as with a flame safety lamp. 


The mine foreman, section foreman, and firebosses before making their 
inspection of the mine should observe the water-gauge reading at the fan. An un- 
usually low water gauge may indicate that the eir has been short-circuited by a 
door left open, or that a fall has destroyed a stopping or overcast. An unusually 
high water gauge may indicate that a large fall in the airway is obstructing the 
flow of air; however, this procedure is not always reliable. They should make a 
test for gas in all working places, 211 places adjacent to working. places, returns 
from splits, and tops of falls as far up into the gobs as possible. They should 
observe the direction of flow of air and should make ee ee tri - through return 
airways to see that they are free from falls. 


CONCLUSIONS 
The following conclusions may be drawn from the foregoing discussion: 


1. Ventilation is the most important operation in the production of coal 
in connection with the safety, health, and efficiency of men employed. 


2. There are very few coal mines, if any, where methane may not be found 
by systematic search, 


3. Mines classed as nongassy, hence usually where proper precautions are 
not taken, are more hazardous than gassy mines where most of sae SNe precautions 
are observed. 


4, Permissible povtabiie: 4 electric lamps and permissible f} Jame anil lamps 
should be used in all coal mines. 


5. A fan of proper size to meet ‘the requirements of the mine should be 
installed on the surface. 


6. Generally it is preferable to use an exhaust-type fan, so installed as 
to allow of reversing the direction of the air quickly if desired. 
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7. <Anxiliary means of driving e fan shovld be provided, especially where 
it is known that any considerable guantity of penne is given ane by — , - 
of the minc. - 

8. If the fa stots, tne men should be rerioved from the mine ond generally 
all electric nower should be cut off. a 7 a foe. 


9. Fans should bo equipped witr en automatic arning device to attract 
the attention of the fan attendant or other responsible SEPSOn: if the’ fan stops. - 
10. Fars should also be equipped with a continuous recording device which 
shows either the water gauge or speed of the fan or both. : 


Jl. Booster or auxiliary fans s! hould not be uscd for supplying air to work 
ing faces. ood a on, : | | 


12. Preferably there should be three or more vain ontries to conduct the 
air into and ovt of the mine. We 3 : 


13. Stoppings in mein and Litiunishe eee srould be constructed of zire-. 
proof material and should be practicaliy air-tight and subs pants ally constructed.” 


14, The main intake and return ai currents in mines should bo" in —— 
shafts, slopes, or orifts. . ae 


15. Overcasts should be substantia. ly built: of fireproof miterial; ony 
should also ve maintained free of leaks. © | s : ve 


| 16. Ventilating doors should de carefully instelled and maintained and care~ 
ful provision should be taken against rossible fires started by contact of electric 
wires with the timber or other inflemmable material in doors or dooyframes. 


17, The cuantity (cubic feet) of rare intake air flowing (per minute) in 
any ventileting eplit showld te at laast 109 times the nurbér of men in that split, 
but the minimum quantity in regular solits should not in general be below 10,000 
cubic feet per minute. a | a rr rr 

18. The air should be measured at the main intake, main ieee. the intake 
and return oF each split, and the last oven crosscut of cach entry. 


19. The air entering a split should be coursed to sweep tne working facés ‘* 
by means of doors, stoppings, deflectors, and line trattice. 


20. Small vortable or blower fans snculd not: be used excent possibly for 
exploratory work in faults or in driving rock tunnels. Even in such cases they 
are dangerous, and their installation and use should be very carefully safeguarded. 


el. Where possible, god areas should be ventilated by passing air over the 
top of ther, 3 . = Wo | 7 
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Roe Abandoned.sections should. be effectively sealede 


ed. Every mine should be kept free of standing gas except those sections 
hich are properly. sealed. | 7 , 


24. A body of explosive gas should _ remind. te comets per he the 
lirect supervision of the mine foreman vhen all other men are out of the mine and 
all electric power is shut off. 


| 25. The installation of trolley wires and the use of trolley locomotives 
should be permitted in »nure intake air only. 


26. Tramming a mining machine from place to vlace by sliding a trolley nip 
zlong bare wires in other than pure intake air is dangerous. practice. Permissible 
junction boxes should be installed for the purpose of connecting mining machine 
ables and drill cables to the power feed circuit in all places except in pure 
ntake air fresh from the outside. 


2?. Power feed circuits installed in air currents which have passed through 
br by any active workings should be properly guarded, covered with good insulation, 
und supported on hangers on the opposite side of the entry from which men travel. 


28. Electric pumps, drills, mining machines, gathering locomotives, 
elephones, and all other electrical equinwent which is operated in a current of 
air other than pure intake air should be of the permissible type approved for 
safety by the U. S. Bureau of Mines, and utmost care snould be taken that such 
Pquipment is kept at all times in essentially perfect repair. 


©9. Section foremen ‘and firebosses should be physically and mentally com- 
petent, and they should be proficient in the use and care of the flame safety lamp 
and. in knowledge of the limitations of the flame safety lamp. 


50. Firebosses should not be required or permitted to act in the dual 
apacity of mine official and mine laborer. 


Sl. In measuring air, care should be taken to get a dependably accurate 
measurement.. The slipshod methods of measuring air which are in common use are 
esponsible for much of the danger that exists in our coal mines. 

See Some means of indicating methane in percentages lower than can be 
detected by a flame safety lamp should be employed, such as the use of the Burrell 
[Indicator or the Orsatt apparatus. 


33. Analysis of split returns suould be made daily or at least weekly. 


34. The gas content in a split return should not be allowed to go above 
0-5 per cent. 


35. Water-gauge readings at a far should always be observed before making 
an inspection of a mine; however, the vator-gauge data should be regarded as but 
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one of numerous types ‘of information which should be obtained daily to allow of 
. assurance of reasonably. safe conditions in. the mine. 


Sé. All working pleces sould be examined for fire a as many or during 
the working shift as possitle by mine officials, and all nersons making such 


inspections should chalk their initials and. date a ee aia surface near 
to the facee | 


? 
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